The effect of nano titanium dioxide on the physicomechanical properties and heat ageing of lowdensity polyethylene Titanium dioxides of rutile and anatase modifications are among the most widely used additives used for the pigmentation of polymeric materials. Their application makes it possible to give polymers whiteness, a mat finish, good covering power, and light fastness [1] [2] [3] [4] [5] .
With the development of nanotechnology for the pigmentation of polymers, TiO 2 specimens of nanometre range began to be used, which involved the introduction of considerable amendments to aspects of the optimum dosage of pigments and methods of introducing them into the polymer [6] . Furthermore, it turned out that nano titanium dioxides (nano-TiO 2 ) are not inert, and, in the process of preparation, service, and storage of polymers, cause so-called "collateral" side effects associated with interaction with other additives or the polymer itself [7] [8] [9] [10] .
As was shown on model liquid systems, normal pigment TiO 2 acting in a light stabiliser-UV absorber regime, with reduction in size to the nanometre range, becomes a catalyst for thermal oxidation and intensifies oxidative processes in the system, lowering the effectiveness of the antioxidants and heat stabilisers [11, 12] . At the same time, when nano-TiO 2 is used in polymer systems, the results are ambiguous: in processes of thermal and photo-oxidation of polymers, the function of the nano-TiO 2 changes from inhibiting to catalytic, depending on the surface state, the allotropic modification of the pigment, the degree of its uniform distribution in the polymer matrix, and the oxidation conditions [13] [14] [15] [16] [17] .
Continuing research on elucidating the side effects caused by nanopigments in the composition of polymers, we examined the effect of nano-anatase-TiO 2 on the physicomechanical properties of low-density polyethylene (LDPE) in the process of preparation of specimens and their artificial heat ageing.
MATERIALS AND METHODS
The investigation was conducted on: (1) pigment titanium dioxide of grade RO-2 with an average particle size of 0.5 µm; (2) industrial-grade nano titanium dioxide "Showa Denko", prepared in laboratories of Millennium Inorganic Chemicals (Grimsby, UK), average particle size 70 nm, surface area (BET) = 52.1 m 2 /g, surface treated with hydroxyapatite; (3) low-density polyethylene (LDPE) produced by the Sumgait "Orgsintez" Production Association.
A mixture of polymer with nano-TiO 2 was prepared on a mill at a temperature of 135-145°C for 10-15 min. From the mass obtained, sheets of 1 mm were prepared by pressing on a hydraulic press at a pressure of 150 atm and a temperature of 170°C. Here, the total holding time of the polymer mass in the process of pressing at a temperature of 170°C amounted to 15-20 min. From the polymer sheets obtained, dumb-bell testpieces were then cut out, which were subjected to tensile tests on an RMI-250 machine.
Artificial ageing of the polymer composites was conducted in an air oven at 80°C for 48 h. Figures 1 and 2 give the indices of the tensile stress causing failure s and the elongation at break e of LDPE composites before and after filling with titanium dioxides, and also the same indices for specimens after heat ageing.
RESuLTS AND DISCuSSION
As can be seen from Figure 1 , the introduction of normal pigment TiO 2 has hardly any effect on the physicomechanical properties, even leading to a certain increase in them, whereas the pigmentation of LDPE with nano titanium dioxide leads to a fall in tensile strength and elongation at break (Figure 2) . At the same time, specimens filled with nano-TiO 2 are more resistant to heat ageing and practically retain their properties fixed after pigmentation. Polymer specimens pigmented with industrial TiO 2 of micron size under thermal action in an air atmosphere age intensively, which leads to a reduction in the given physicomechanical properties.
It seems that, in milling and pressing, when the material is subjected for a certain time to high temperatures, nanopigment, in contrast to normal TiO 2 , exhibits the catalytic effect mentioned, leading to degradative processes and crosslinking, which reduces the strength and elasticity of the polymer. The structure of the material is then stabilised and becomes resistant to thermo-oxidative action, which is not observed for specimens pigmented with industrial titanium dioxide.
CONCLuSIONS
LDPE specimens filled with industrial titanium dioxide TiO 2 of micron size and with nano-TiO 2 "Showa Denko" exhibit different physicomechanical properties after preparation of composites and thermo-oxidative ageing. In spite of a certain reduction in the strength and elasticity after milling and pressing, the composite material containing nanopigment exhibits a higher heat ageing resistance than material containing standard industrial titanium dioxide. 
